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SWUM? 

This  report  describes  nine  underground  plaoee  used  by  th#  Oermsn#  for 
atorag#  or  nsmufaotur#,  oil  but  on#  of  eiiieh  w*ra  •stabtiehed  in  existing  quarry 
^tunnels  or  mince.  A partial  au rr#y  of  th#  St.  tau  d/gsserent  working*  waa  mad#, 
sine*  thia  place  was  subjeoted  to  air  attack.  th#  r#aulta  of  which  ar#  discussed. 

A thatch  plan  shows  th#  #ntrano#  to  tuaa«la  at  Tavernsy,  whara  S.X.f.  ball  bearings 
war#  being  cade,  and  plana  of  a 7.1  bomb  factory  in  an  Ira  min#  in  Luxemburg  ar# 
included*  Briof  aeoanta  of  th#  remaining  aix  place#,  which  war#  vleited  la 
passing,  ar#  given. 

Th#  report,  which  ia  accompanied  by  7 figure*  and  24  photograph  a.  conclude# 
with  a a#otion  in  vhioh  ar#  analysed  th#  thiok&aaa  of  overhead  corar  daamod 
adequate  by  th#  Carmans,  th#  minima  qjU#  of  boab  likely  to  b#  effective  ia 
oaaming  damage  inside  the  tunnels  when  penetrating  th#  surface  over  the  tunnelled  - 
area,  end  the  form  of- air  attack  which,  aa  a remit  of  examination  of  the  aitea, 
s##ma  likely  to  prove  th#  aoat  effective  la  each  case. 

C — 

1.  SOTiS  03  HAC3S  TISnSD 
. 1.1  Orlval 

At  Orlval,  about  nine  mil##  south-west  of  Souam  at  th#  foot  of  a chalk  cliff 
on  the  banka  of  tha  3#tae,  tho  German#  wer#  preparing  what  th#  local  inhabitants 
understood  was  to  have  bean  a itora  for  7 bombs.  At  this  point  tho  ^llla 
terminate  in  a vertical  oliff  over  100  ft.  in  h#lght.  leaving  a narrow  ribbon  of 
land  between  th#  oliff  and  th#  rivwr,  approximately  100  yd.  In  width.  A nunber  of 
house#  existed  within  70  ft.  of  the  oliff  fso#  and  b#tw##c  them  and  tha  river  ran 
a road. 

thf.  Gevrane,  in  order  to  exploit  tha  existing  eav#a»  exoavated  th#  ground 
between  the  houses  and  oliff  to  a depth  of  3 to  4 ft.  and  laid  a concrete  road. 

I Tha  houses  ware  left  intact  and  the  inhabitants  allowed  to  live  in  thorn.  Tha 
3 one  rate  and  all  new  work  war#  heavily  camouflaged  in  tha  normal  manner.  The 
workings,  which  oould  not  bs  lnapeoted  in  detail,  e assisted  of  several  headings 
driven  into  a oliff.  l«ny  of  them  do  not  extend  vary  far  into  tho  oliff  and  wer# 
used  for  store*  of  petrol,  eto.  froteetiv#  walla  built  of  ls£  in.  briak  ware 
observed  at  th#  entrances  to  thas#  short  tunnels.  In  tha  entrances  to  th#  two 
sain  tunnels,  however,  substantial  masonry  walls  about  6 ft.  thick,  making  dog- 
logged  entrances  had  been  oonstruoted.  Those  main  workings  oould  not  be 
inepeoted  so  the  preseno*  or  otherwls#  of  further  walls  oould  not  b#  ascertained. 

1.2  $t.  Leu  d'Sssarent 

. 1 Summary 

Thia  eite,  situated  in  a limestoss  escarpment  close  to  th*  Oise,  was  attacV-ad 
by  a nixed  force  of  200  Halifax#!  and  Lancasters  on  the  nirht  of  4/5  August,  1944. 
In  thia  attack.  SCO  lb.  and  Tallboy  (U)  baabi  were  used. 

.‘.Ithoujh  numerous  "through**  were  obtained  into  an  upper  ssrles  of  oonnccted 
uvuiela  oless  to  an  entrance  It  wee 'found  that  these  tunnels  were  not  used  by  the 
srv*.  ."he  -a in  *orVln-s  had  boon  little  affected  by  the  b •\-.barJr.ent  and 
•■.'•'t  for  spaliln.t  at  w*»k  b-diln-  planes  little  !a:r.a,-,»  attributable  Jlroctlv  to 

.v  ^ j V * i l 'i  • 


i 
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b.  Extracts  Crm  Hates  of  Air  Ctiwnodor#  Bllney,  O.D.fi.,  on 

, certain  targets  bombed  by  Bomber  Command. 

e.  Interpretation  report  Ho.  X 07(R;  detod  27.7.44. 

d.  Soto  on  on  examination  of  certain  bombed  targets  in  France 
U03/415. 

In  addition  other  geological  data  wort  a to  liable,  and  interpretation  from  air 
oorerdind  bean  made  by  Ministry  of  Home  Security,  R.  A S.  Deportment  (20.8.44).' 

.3  Site  and  general  description 

The  carriers  (tunnelled  quarry)  used  by  the  Garmons  is  situated  below  the 
ealoalro  proesler  supirleur  in  the  ealoalre  grossier  noyen  et  infirleur , whloh 
is  a sofj  stedium-gr mined  1 inestone , 8-10  n.  thick , in  the  western  escarpment  on 
the  banks  of  the  Oise.  The  escarpment  at  St.  Leu  is  somo  120  ft.  high,  and  the 
entrances  are  approximately  40  - 80  ft.  a bore  the  floor  of  the  valley. 

The  oarriere,  originally  started  in  the,  10th  century  for  quarrying,  waa 
used  before  the  war  for  saishrocm  growing.  Tha  stratum  worked  appears  to  be  the 
"bona  3t.  Leu"  which  is  a homogeneous  oompaot  bed  about  S m.  thick*  hence  the 
galleries  vary  from  about  3 - S m.  In  height.  The  quarrying  waa  dona  on  tha 
"stoop  and  room*  ays tea,  leaving  pillars  3 - 5 a.  -square.  In  most  plaoss  the 
roof  appeered  to  be  sound  and  fret  from  spalling.  Vertiaal  shafts  approximately  - * 
2 ft.  8 in.  in  disaster  were  driven  down  to  the  tunnel*  for  ventilation  purposes.  ,, 
In  addition  to  this  series  of  tunnels,  mother  end  smaller  series  existed  over  the 
southern  half  of  the  main  gallerias. 

After  1940  tha  Germans  used  tha  lower  oaves  for  storing  bombs,  and  constructed 
a oonerste  road  up  to  the  loading  point,  together  with  a railway  line  running 
parallel  to  the  new  road.  Gantries  were  oonatruoted  to  facilitate  the  discharge 
of  goods  from  the  railway  to  road  trueks.  Tha  railway  and  roads  ware  heavily 
camouflaged  with  wire  netting  covered  with  brushwood. 

In  addition,  bafors  the  oarriere  wee  used  for  V.l  bombs  the  whole  floor  was 
concreted.  Reinforced  ooncrote  gun  emplacements  ware  erected  at  the  two 
approaches  (photograph  Ho.  1),  and  heavy  oonorate  doors  treated  aorosa  the  northern 
or  main  entrance  (Photographs  No* t 2 and  3). 

The  part  of  the  carrier#  used  by  the  Germans  was  only  a small  portion  of  the 
whole  system,  the  factory  being  sealed  off  from  the  »in  system  by  cement  rubble 
walls  about  2 ft.  thick.  The  total  area  was  approximately  700,000  sq.ft,  of  . 
which  about  half  was  taken  up  by  columns  left  in  to  support  the  roof. 

There  was  also  evidence  in  seme  places  that  rubble  walls  had  been  built  olosa 
to  the  escarpment,  where  the  cover  was  not  so  greet,  to  give  greater  protection 
to  tho  rest  of  the, factory.  The-open  air  vents,  constructed  by  the  French,  had 
been  sealed  off  on  tha  surface  by  concrete  blocks,  the  open  vent  being  replaced 
by  four  smaller  vents  issuing  out  of  the  side  of  the  block. 

r'or  details  ol*  the  layout  of  the  factory  see  ?igs.  1 and  2. 

.1  -S3  of  tho  tunnols 

‘he  lower  level  ‘unnols  were  uaed  for  the  assembly  of  the  main  units  of 
flying  bombs.  ?!v*  vnpon-nts  were  brought  up  by  rail  and  discharged  into  trucks 
■ •;*iih  finally  Oliver -i  V.-  Into  the  factory.  The  assembled  flying  bombs  units 
-ero  taken  out  i-y  n 1 ;ht  on  lorries  for  transference  to  the  forward  areas.  Ho 
indication  of  th-  --i- . ;ltv  the  factory  cou  13  bo  found. 

f!‘.e  y -r jci-.:-. u I oy.-.t  by  the  jerrr.ans  wore  said  to  have  been  Russian  and 

political  prisoners . 

.3  Cover 
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to.  only  40  ft.,  4<‘i  to  subsldenoo  into  the  top  series  of  tunnels  or  or  tha  flrat 
.ICO  ft,  from  tha  antra/. 30.  This  eubaldonoo  was  of  old  data,  as  war*  several 
. otb *r  smaller  depressions  on.  tha  top  of  tha  escarpmant.  Tha  cover  Incraasad  up 

to  about  60  ft*  as  t W tunnels  antarad  into  tha  hill*  J 

. , - ^ ' 

4 Protoot  i/a  walls  . ! 

Thara  was  no  indication  of  tha  us#  of  blast  or  protective  walls,  othar  thon^ 
thosa  which  had  boon  built  olosa  to  tha  ad*a  of  tha  escarpment,  as  already  not«l* 

Tho  fa  story  was  staled  from  the  raat  of  tha  carrier#  by  2 ft.  rubble  walls.  < 

Tha.  ventilation  shafts  word  similarly  soalad  off,  leaving  grids  approximately 
3 ft.  square , olosa  to  roof  level. 

* • 

Tha  mala  entrance  was  protaetad  by  two  solid  oonorota  doors  la  stool  fraass 
asoh  IS  ft.  6 in.  by  9 ft.  by  3 ft.  thick  (Photographs  No s.  2 and  3).  fhera  was 
no  Indication  of  any  other  doors. 

■a**.:.- 

7 Attacks 

On  tho  night  of  tho  4/5  August,  1944,  Somber  Coceand  attaoleod  the  sita  with 
2C0  Lancasters  and  llalifaxes  carrying  10C0  and  500  lb*  bombs  together ‘with 
11  Tallboys  (U). 

[.  Numerous  hits  an  the  target  aroa  wart  obtained  by  tha  1000  and  500  lb.  bombs, 
but  only  ona  Tallboy  (U)  orator  oould  ba  found  in  tha  vioinlty.  Tha  latter  was  of 
normal  dlnonsicas  (IOC  ft.  bv  30  ft.)  but  it  was  not  over  tho  portion  of  tha 
carrlbre  used  by  tha  Germans. 

8 Result  of  tha  attaoka 


„ Tha  whole  area  from  tha  top  of  tho  eaearpment  to  tha  river  Oiaa  waa  oovered 
with  oratara.  Over  tha  southern  half  of  tha  factory  area  (whloh,  it  must  be 
remembered,  ia  in  the  lower  level  tunnels)  there  ware  several  "through#"  into  tha 
upper  level  tunnele.  These  are  shown  in  detail  In  Pig.  2 and  ln-JPhotographa 
Nos.  5 - 8.  It  waa  evident  that  at  tha  data  of  inspection  (8  months  after  tho 
attaok)  they  ware  of  a verv  much  larger  ales  than  they  had  bean  whan  first  made. 

Tha  cover  near  tha  escarpment  at  crater  No.  1 waa  24  ft. , and  at  crater  No.  4 it 
was  approximately  3$  ft. 

* a 

It  would  seen  likely  that  the  bombs  £ad  burst  above  tho  rcof  of  the  upper 
level  tunnels  and  blown  through.  1'here  was  also  a very  large  area  (south  of 
that  used  by  the  Germans)  of  subsidence  iato  the  upper  series  of  tunnels.  This 

area  was  not  examined  in  detail  heopuso  it  was  in  a protective  minefield.  The 

cover  over  this  seotion  was  lsss  than  that  already  noted  over  tho  remaining 
position.  There  wore  indications  of  minor  subsidences  without  any  apparent  traoe 
of  bombs.  It  was  evldont  that  this  portion  OTsr  the  upper  series  of  tunnols  ws 
relatively  unsafe,  since  subsidences  had  taken  place  naturally-  from  time  to  tim.o  • 
j in  the  past. 

The  floor  cf  the  lower  series  of  tunnols  u*od  by  the  Gormans  was  littered  in 
certain  places  by  snail  anl  large  pieces  of  limestone.  An  inspection  of  tho  roof 
usually  revoaled  sono  weak  bedding  plane.  It  was  impossible  to  relate  those 
minor  falls  to  any  specific  bombs,  or  oven  to  the  bombing  at  all,  sinco  tho  Gomans 
had  carried  out  oxtensive  demolitions  by  blowing  up  tha  remaining  flying  bombs 
before  departure  (sea  Photographs  Nos.  9 and  10).  Th«  falls  might  bo  attributable 
to  tha  blast  fren  tha  explosion  cf  these  bombs. 

Vf-vather  or  not  V aso  falls  wore  caused  by  bomb*  they  wore  stated  by  tho 
‘.Von oh  to  have  had  little  offoct  n\  work  In  the  tunnels,  which  continued  normally, 

J OcT.'-'i;- i ;on  with  hit  »rp natation 

.\n  in*  i on  ' till.;  1 if  • »*  had  !■»»•*.  :■  ih>  on  1 

• ■ 1 ft*  * * ■ - 'i*  .51:  .'1  i • 1 in  i\  • - . ! : * 

, . . ; . , . . v : . . .1  • . 1 1 ■ , • ' • ■ * 
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This  wa a found  to  bo  tfeo  oae*.  An,  upper  series  of  tonnels  existed  which 
had  not  boon  used  by  tho  Germans.  "Throughs"  had  boon  obtained  Into  the  upper . 
lerel  tunnels,  but  the  blocks gee  caused  were  only  local,. and  the  damage  waa 
confined  to  these 'isolated  arena  in  the  upper  lerel  tumela. 


,10  Conclusions. 


The  attack  showed  that  1000  lb.  boabs  are  adequate  for  eaus-jg  subsidences 
and  "through**  Into  turnsole  covered  with  up  to  36  ft.  of  top  soil  and  limestone, 
but  that  they  are  'ineffective  against  tunnels  with  30  ft.  of  soft  limestone  cover. 
To  gain  any  success  against  a target  of  this  nature  Tallboy  (If)  boabs  would  hare 
to  be  used,  and  even  these,  opart  from  boing  dropped  over  the  malm  entrances  so  as 
to  blook  then,  weald  be  of  limited  uss,  sinoe  in  tunnel  systsme  to  intsroennsetsd 
it  would  always  be  possible  to  go  round  any  local  blook*  and  falls. 


Tallboy  (b)  should  be  fused  to  ensure  nucisu  penetration  before  detonation  - 
«ar«-  hence  there  should  be  no  objection  to.  using  even  11  sso.  daisy.  In  any  ease, 

however,  it  is  unlikely  that  Tallboy  (U)  would  penetrate  far  anough  into  the  60  ft. 
of  soft  limestone  cover  for  serious  blast  effects  from  detonation  to  ooour  Inside 
the  lower  level  tunnels. 


l.S  Trossy  St.  Ifcvfmln 

This  open  quarry,  with  old  ttmnel  quarries  below,  is  an  the  left-hand  of  the 
river  Oise,  nearly  opposite  St-  Leu  d'£saerant.-  A quick  inapeoticn  was  mad*  when 
, an  route  for  the  letter  site,  during  which  no  measurements  were  taken.  As  shown 
in  Photographs  lot.  11  and  12,  very  large  diameter  shafts,  lined  and ‘roofed  with 
thlok  reinforced  oonorete,  were  being  constructed  by  the  Germans  through  the 
relatively  thin  limestone  cover  over  the  top  of  the  old  quarry  tunnels.  The 
appeartno*  of  the  work  suggests  that  large  storage  tanks  - possibly  for  oil  - -were 
to  have  bean  installed. 

1.4  Tavsmey  (visited 'on  2.3.46) 

At  Tavernsy,  about  10  miles  north  of  Paris,'  there  is  to  ejetsnsivo  system  of 
quarries  tunnelled  into  "middle  caloair*  grottier"  f r cm  a double  entranoe  on 
level  ground  into  a cliff  fsoc  which  rises  to  about  120  ft.  at  about  130  ft,  in  from 
the  entrance  (see  Pig.  3 and  photograph  No.  13).  The  overhead  cover  oensists  of 
layers  of  marl  and  thin-bedded  limestone. 

• * t 

The  Germans  converted  part  of  these  tunnels  ibr  us*  as  a factory,  and 
transferred  there  plant  frem  the  S.K.7.  ball  bearing  works  in  the  south  of  Paris. 

There  is  no  evidence  of  ary  air  attaok  on  the  Taverns/  tunnels.  It  is  understood 
that  at  the  time  of  the  Allied  invasion  th*  manufacture  of  ball  bearings  had  been 
started,  but  that  tha  Germans  destroyed  all  material  before  evacuating  Far ii. 

A brief  Inspect  ion  of  these  tunnels,  which  are  of  the  high  gothio  cross  seotion 
common  to  the  Paris  oarrftres,  showed  that  the  Germans  had  constructed  oonorete 
portals  at  the  twin  entrances  (camouflagsd  by  netting , now  destroyed),  and  lined  the 
two  parallel  main  tunnels,  which  run  straight  In  for  two  or  three  hundred  yards 
without  any  fora  of  blast  protection,  with  oonorete  for  the  first  130  ft,  - l.e., 
to  where  the  overhead  cover  approaches  100  ft.  At  various  places  the  connexions 
to  side  chambers  and  other  tunnels  had  been  walled  up  - possibly  to  regulate 
natural  ventilation  as  well  as  to  enoloss  ths  factory  area.  At  s#/«ral  places  in 
the  factory  area  there  is  evidence  of  fire  (*hi:h  local  Frenoh  said  were  oil  fires 
in  which  the  Germans  destroyed  material).  These  fires,  in  seme  caces  had  caused 
spall-off  and  falls  of  rock  from  the  roof,  Ths  French  said  also  that  a few  nines 
and  booby  traps  wers  left  in  t)m  tunnsls  by  tie  Germans,  but  that  these  were 
removed  by  the  -i.3,  Army  whoa  the  remains  of  the  plant  were  being  taten  out. 


1.5  M.aitrichard 

.1  Location 
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which  ar*  la  soft  limestone  (*pierr*  d*  manler*)  are  vnderetood  to  extend  fw  about 
6 km.  '.jdar  Jbho  hills,  tha  train  entrance  to  tho  portion  used  by  tho  Canaan*  (•** 
Photograph  So.  14)  being  abost  2 nllo*  *a*t  of  U»n trichord,  a few  hundred  yard*  up  a 
turning  to  tha  north  of  road  0.40.  Practically  aU  building  stuns  for  local  uta 
1*,  and  has  been  for  cent  uric*,  obtained  by  quarrying  In  tunnel*  of  this 
tunnels  being  used  subsequently  for  win*  storage  and  the  cultivation  of  m4HPH|P^"  . 

4 brier  inspection  of  the  tunnels  ussd  by  th*  Germans  waa  sad*  on  9th  March, 

1948,  which  on  arrival  of  the  pert y,  proved  to  be  under  French  ail it ary  guard, 
despite  iaforaatioo  to  the  contrary  free  the  ailitary  authorities  la  Tours.  Some 
persuasion  was  required  to  gala  adaittsaoe  under  escort,  and  sinot  it  was  not 
possible  in  tho  elro instances  to  take  measurement!,  much  of  tho  iaforaatioo 
hereunder  should  bo  ecoepted  with  reserve,  slnoe  it  was  obtained  froa  local  French 
civilians. 


.2  Description 

Th*  0* naans  utilised  about  00,000  aq.a.  of  floor  spaoe  and  olosed  off  th* 
area  by  1 a.  thick  masonry  walling  la  omnent  aorta r.  Substantial  masonry  piers 
wer*  built  at  plse*s  to  shorten  exeesslv*  roof  apane. 

The  tunnels  appear  to  run  in  hnphasard  directions  with  frequent  eross 
connexions.  They  are  reotaagular  la  eectioa,  averaging  4 a.  wide  x 3 a.  high, 
and  are  not  lined.  Thor*  is  aoessa  for  lorries  to  a loading  bay  about  80  a.  within 

('the  entrance.  Th*  Genoa na  did  not  ereet  blast  doors  er  traverses  presumably  siao* 
the  existing  deviations  froa  th*  straight  of  tho  tunaols  at  and  beyond  tho  entranoe 
were  desaad  to  give  sufficient  protection. 

The  overhead  cover  lit' cut  20  a.  thick  at  a point  a short  distance  within  tho 
entrance,  and  rises  to  a suxlmas  of  about  40  si.  (of  whloh  the  upper  IE  a.  is  olay  - 

see  below). 

During  tha  inspection  th*  tunnsls  were  observed  to  bo  still  full  of  munitions, 
both  Osman  and  (doubtless  captured)  French.  Bomba  of  medium  and  small  silts 
(susl,  as  50  kg.)  appear  to  predominate,  although  there  was  mu  oh  S.4»A.,  end 
numerous  hand  grenades  were  lying  about.  4 largo  stock  of  French  75  na.  shells 
was  noticed,  it  being  said  that  these  tunnels  contained  aa  many  as  100,000  of  them. 

.3  Demolition 

The  tl.S.  troops  arrived  on  8th  September,  1944.  The  Germans  had  left  on  tho 
^lat  September,  after  having  attempted  to  blow  up  thie  arsenal  on  20th  August  by 
detonating  bomba  and  charges  at  various  positions  in  th*  tunnsls.  4t  th*  time 
pf  our  visit  tha  rssulting  roof  falls  and  tunnel  blocks  were  being  laboriously  cleared 
by  French  oirllian  workers  - a hasardoue  procedure,  sine*  munitions  of  all  aorta 
lay  soattered  about  beneath  rock  Alls.  In  a number  of  pleoee  th*  tunnels  are 
oampletely  bloated,  so  a ccaplete  tour  oculd  not  bo  made. 

As  a result  of  the  demolition  explosions  several  blow  through!  to  th*  surfWoe 
ocourred.  A large  disturbance  in  the  surface,  which  was  said  to  bo  in  a position 
There  the  ground  consists  of  13  m.  slay,  and  then  20  a.  of  salt  limestone  above  the 
tunnel  roof,  was  Inspected.  The  French  said  that  in  these  explosions  small  bomba 
were  ejected  which,  in  falling  back,  made  small  splash  craters  in  the  vicinity  of 
the  main  craters.  This  Is  improbable!  It  is  much  mors  likely  that  these  small 
auxiliary  depressions  ware  caused  by  ^sses  from  the  explosions  escaping  under 
pressure  through  fissures  in  the  ground. 

The  gr-'uni  surface  ovar  the  tunnel  ares  used  by  the  Carmans  was  ringed  wi^h 
bs.-bed  \»ir»  and  pstrollod'at  nipht  by  soldiers  with  Jogs  to  keep  off  spies  and  th* 
raquls. 
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point,  perhaps  fiQ  fs,  from-a  tunnel.  Thu  r«Ut«io»  of  this  Vo ry  soft  lime**,'*!* 
l*  probably  no  ,*ro*ter  than  that  of  very  good  chalk,  an* t alnne  th*  observed  effect* 
of  Tallboy  (M).  in  the  oh* lk  a'o ove  the  extensive  tunnelling  don*  by  th*  Gerran*  In 
the  Pa«  d*  0*1*1*  aro*  («.{..  atU*rquiso-Wlaoy*o<iuee  and  at  Jiteraea  - ••*  report 
So,  BBJ  (1/7.7  * X.<]+i37)  Lndioet*  that  roof' fall*  occur  in  tunnels  whoa  tit*  radio* 
i«  up  to  BO  ft,,  it  my  b«  oondludod  that  tunnals  la  ground  auoh  ••  that  at 
Ucntriohard,  and  with  similar  overhead  oor*r,  could  b*  blocked  by  Tallboy  (U). 

1,8  _ Roehsoorban 
,1  Baaoriptioa 

- These  tunnels,  at  Vau7*rt , Mar  Roohooorbon,  which  era  n*ar  tha  right  bank  of 
th*  Loir*  about  5 nil**  abor*  Tour*,  oould  not  b*  ia*p«ot«d  inaid*  owing  to  th* 
ab*«noa  of  th*  Fr*noh  military  guard  in  possession  of  th*  k«y  to  tha  woodan 
•ntrano*  door*.  Conversation  with  cth*r  member*  of  th*  guard,  and  with  local 
French  oiriliaaa,  elicited  th*  following  - 

Th*  part  of  thia  tunnel  ayaton  u**d  by  th*  Carman*  extend*  300-400  a,  into 
th*  hillaid*,  and  oonaist*  of  thr*o  straight  tunnel*  which  diverge  flran  th*  doubl* 
ontraao*.  A orosa  gallary  at  th*  lunar  end  oenaaet*  th*  thr**  tunaala  and  la  about 
40  n.  long.  Th*  oroa*  section  of  «aoh  tunnel  la  about  5 m.  wid*  and  4 m.  high. 

Lorries  can  *nt*r  a short  distanos  a*  far  aa  a loading  bay.  Tha  or*rh*ad  server  is 
osarly  all  soft  limestone.  { *Pi*rr*  friabl*11,  *pi#rr*  da  manlar*.  "piarr*  tendre*), 
with  vary  littla  top  soil,  tha^thiokaaas  ovor.th*  tunnels  varying  fraa  30  to  3b  n. 

m- 

Th*  Carman*  uaad  thoa#  tunnals  for  storing  bonba  and  other  munitions  in  th*  V 

a an*  way  as  at  Mont ri chard,  walling  off  connaxiona  to  tha  rsat  of  th*  vary  sactanalv*  -J 
system  of  tuahsla.  Sarly  in  August,  1944,  tha  Carmans  prepared  to  demolish  th* 
tunnels  and  thsir  contents  by  plaoiag  at  varloua  points  fourteen  1000  kg.  bomb*, 
wired  up  ready  for  firing,  *aoh  bomb  being  surrounded  by  230  to  330  bozas 
containing  600' kg.  bomba  (without  detonators).  On  10th  August,  1944,  * French 
colonel,  with  th*  assistance  of  a local  civilian  (who'  imparted  this  information 
to  the  investigating  party)  made  a breach  in  tha  anoloalng  wall  within  th*  tunnels, 
entered  th*  German  section,  and  r amor  ad  the  detonators  (*dfsamoro*r”f)  from  th* 
fourteen  large  bombs.  Thia  was  not  dlaaovorod  by  th*  Gormans,  thsir  guards  in  the 
tunnels  being  kept  wall  supplied  with  Vouvray  (a  looal  champagne)  so  that  when  they 
triad  to  blow  tha  tunnsla  prior  to  their  final  departure  on  3rd  Soptember,  tha 
demolition  was  averted.  At  tha  tin*  of  our  visit  on  9th  March,  1946,  these  tunnals 
remained  stookad  with  munitions  as  left  by  th*  Germans . 

.2  Ccnoluaiena 

* n 

The  entranos  to  tunnels  used  for  storing  ammunitions,  as  at  Roehsoorban  and 
Uontriohard,  even  without  camouflage, wen  Id  probably  be  diffioult  to  diaoover  frcm 
air  cover,  sines  they  ar*  similar  to. many  thousands  of  entrances  to  oaves  and 
tunnel*  in  th*  vary  extensive  troglodit*  regions  bordering  th*  Loir*  river,  and 
th*  Vienna,  Char  and  other  tributaries. 

Air  attaok  with  Tallboy  (li)  would  probably  causa'  local  bloeks  in  th*  tunnels 
where  the  thickness  of  overhead  soft  limestone  cover  is  less  than  about  125  ft. 

(Note 1 this  was  not  exceeded  at  tha  two  plaoaa  observed  aa  having  been  uaad  for 
large  munition  stores  by  tha  Germans  in  thia  region).  Ctt  the  other  hand  looal 
blockage*  would  not  nocessarily  put  a large  proportion  of  tha  depot  out  of  action. 


Blast  attack  on  entrances  would  not  be  likely  to  be  eatastrophioj  but  blocked 
entrances  would  dolay  ingress  and  egress  of  munitions  until  a new  entrance  had  been 
rale  through  a suitable  unused  tunnel  - an  undertaking  which  might  not  entail  more 
than  a few  days  work. 

1.7  3*.  Frust 
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Th*  etorag*  s*«kloa.io!liprl**i  onv  afcratrjit  main  tunnel  6.6  a.  wl.«  by  about 
6.6  a.  high  rectangular  aaofcion;  with  cooorated  floor#  fro*  which  run  aid* 
galleries  and  bay*  of  similar  *ita#  giving  an  average  tcAal  width  of  about  SO  a. 
Lorries  oould  unload  undar  "oor*r  Inside  tha  antrano*. 

fittha  various  aid*  tunaals  and  bay*  tbara  ara  about  20  oonerat#  foundation* 
measuring  approximately  15  ft*  x 15  ft.  x 1 ft*  9 in.,  having  ouppod  raoaaaaa  la 
tha  toy  whioh,  local  Frenoh  aald,  supported  large  aluminium  tanka#  tha  lattar  haring 
baan  raaorad  in  lorrla*  by  tha  Garaana  whan  thay  laft.  Sinoa  a quantity  of 
pressed  natal  auxiliary  patrol  tanka  for  alreraft  war*  obaarrad  it  la  poaalbla 
that  th*  ttafiala  war*  uaad  prlnoipally  aa  aa  aviation  patrol  atora. 

Tarloua  German  munitions  raa&ls  la  thaaa  tunnala#  iaoludlag  oratadand  uaoratad 
80  kg.  3.D.  baaba#  $44<#  oratad  Sprangbrand  6.80,  B.1.B  and  B.2.1*4  inoandiary 
bcnba.  Th*  Igttar  appaar  to  b*  Is  a dangaroa*  conditions  lndaad,  th*  looal 
gendara*  at  at  ad  that  lira*  had  baan  loat  through  as  axploaiaa  whioh  ooourrad  whan  ’ 
ohlldran  war*  playing  Is  thaaa  tunnala  aft *r  th*  Oarsan*  laft  (th ara  ia  a roof  and 
wall  fall  nearby  whioh  baa  th*  appaarano*  of  having  boon  oauaad  by  an  Intarnal 
axploaion).  On*  Tallamlna  (T.M.42  Stahl)  waa  not  load. 

Th*  antrano*  to  thaaa  tunnala  ia  aloaad  with  bar  bad  wir#>  though  not  vary 
aaouraly. 

.2  Conolusicn* 

Thar*  waa  no  avldanoa  of  air  attaok  on  tha  vlainity.  th*  thioknaaa  and 
natura  of  tho  ovarhaad  oovar  ara  auoh  that  roof  fall*  would  probably  b*  caused  by 
1000  lb.  M.C.  dolay  fuaod  bombs. 

.1.8  Balabort  (St.  fiorro) 

Thia  forward  T.l  bcatb  atora,  about  10  alias  north-aoat  of  St.  Pol  (Fas  da 
Calala),  ia  approaohad  by  a ooaarata  road  about  half  a' silo  long.  That  part  of 
th*  tunnol  ayatas  whioh  oould  b*  inapaotod  oonaiata  of  four  tumals  drivan  Into 
rising  ground  (narly  ahalk),  with  oroaa  gallarlaa  (aa*  Photograph  Bo.  16).  Th* 
antrano*  tunnala,  whioh  vary  In  width  fros  10  ft.  3 is.  to  8 ft.  4 in.  and  In 
halght  fros  9 ft.  10  in.  to  8 ft.  4 in.,  run  atralght  Into  th*  hlllald*  for  about 
88  ft.,  and  ara  liaod  with  ooaorata.  Tha  wall  lining  ia  of  pra-aaat  ooaorata 
block*  18  in.  thioki  tha  roof  ia  arohad,  tb*  lining  boiag  in-aitu  ooaorata  18  in. 
thlek. 


# Boyood  th*  liaod  aaatioa*  all  tunnala  war*  found  to  b*  blookad  by  roof  fall* 

* whioh,  aooording  to  looal  inhabitant*,  war*  oauaad  by  tha  raaoval  of  tlsbarlag,  alne* 
th*  Garaana  laft,  by  a coal  mining  company  for  ua*  aa  pit  propa. 

Th*  ovarhaad  oovar  riaoa  to  about  20  ft.  at  26  ft.  fros  th*  tntranooa,  and 
ia  not  auoh  atora  ovar  tha  atoraga  part  of  tha  tunnala  iaapootad  whara  it  waa 
aatiastad  that  thar*  ia  about  6 ft.  of  top  aoll  ovar  18  to  20  ft.  of  ahalk. 

a 

4 

Th*  alt*  had  baan  bombad,  a dlraot  hit  having  oblitaratad  ana  of  th*  tunaal 
antranoaa  (aa*  Photograph  16).  Howavar,  no  hits  appaar  to  hav*  baan  mod*  ovar 
tha  tunnallad  araa,  tha  aubaidanoaa  In  th*  aurfao*  abov*  almost  oartalnly  laing 
due  to  th*  roof  falla  whioh  ooourrad  on  raaoval  of  tha  tlsbarlag. 

Tha  Inhabltaata  stated  that  tha  Germans  launohad  th*  V.l  bomba  from  a wood  at 
Farfay,  about  half  a mile  from  tha  tunnala,  that  an  appraolabla  proportion  of  th* 
bombs  exploded  aoon  after  launohlng,  and'  that  launohlng  aits  was  demolished  by  tha 
German*  tha  day  befor*  tha  British  Army  arrived  In  September,  1944. 

1.9  Thil  (sear  Lon  .pay) 
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The  min*,  the  eonerelel  nut*  of  which  it  "la  Mice  de  to  C*aoesetba  4m 
Tleroelct  a Thll*,  was  worked  un\ll  Ikreh,  1944,  when  &t  was  taken  o rmr  by  (ho 

Germans.  , 

• * 

,2  Description 

The  Oormaan  act  up  tha  factory  la  a portion  of  ths^alae  whore  tho  astatine 
•allar laa  wore  largo  enough  for  oachlao  shops,  tti,,  tho  only  atruetural  work 
involved  being  tho  laying  of  ooaarete  floors.  4 plan  of  tho  layout  is  shorn  la 
‘Fig.  5,  whtoh  together  with  Flgo.  4.  4 and  7 wore  prepared  fro*  plans  supplied 
by  tho  frenoh  officials  at  tho  alas. 

Tho  owttlag  leading  to  tho  entraaso,  whloh  has  reinforced  retaining  walla  froa 
8 ft.  to  8 ft.  10  In.  thlok  by  18  ft.  S la.  hi£,  la  ahoaa  la  fhotograph  lo.  17, 
and  la  Fig.  4.  The  relaforoaaoat  project  lag  froa  the  tops  of  tho  retaining  walls 
suggests  that  for  a distance  of  about  90  ft.  froa  tho  antra  boo  a relnforoed  concrete 
slab  was  to  have  boon  constructed  oeep  the  top. 

Froa  Fig.  7 It  lo  evident  that  It  was  laboaded  td  run  a standard  gauge  railway 
trash  a distance  of  about  1800  a.  late  the  aala  m trass  e tuoael  to  o transhipment 
station,  fho  tunnel  had  been  widened  at  two  plaeoa  for  tho  oenstruotica  of  loading 
bays,  but  owing,  it  waa  stated  by  the  Freeeh,  to  hurried  work  roof  falls  bad 
oo  cur  red,  pausing  tunnel  blocks  at  both  plao'oo. 

c 

goat  1 mo  through  tho  aha  arc  ehowa  in  Figs.  4 and  8,  ebons#  it  la  assn  that 
tha  overhead  cover  carles  Area  88  ft.  at  tha  tunasl  eatrhnae  to  about  280  ft.  enrer 
tho  fhetory*  area. 

e 

laaide  tha  machine  shops  and  storage  galls  rise  ltaaa  observed  Included  drills, 
lathes,  milling  wa  chine  a,  welding  plant,  grinders,  paint  epreyars,  and  carious  7.1 
bonb  ocapoMBts  such  as  wing  aeotlona,  pressed  steal  body  stations,  asssnblsd 
tall  units,  oowprsased  air  aphsrss,  warhaads  (without  ohargos),  and  nuasrona 
unldaatlflsd  asall  parts  (Fhotographs  los.  18  - 22).  Oth or  installations 

observed  were  overhead  ventilating  dusts,  somp reseed  air  and  watar  pipes,  sad 
eleetrlolty  eablas.  . Klaetrlo  power  waa  said  to  bo  supplied  by  overhead  eabls 
from  Mlgevllle,  but  tha  key  electrle  plant  far  thb  area  waa  at  Flanao,  89  kg. 

Aram  Thll.  lo  provision  for  aurguiy  power  supply  was  seeai  la  tha  alna. 

There  were  no  protective  doors  at  tha  tumel  entrance,  but  the  graat  length 
of  tho  approach  tunasl,  and  tha  gaaoral  layout  of  tho  gallarloa  in  the  fhetory 
area  would  have  greatly  redueed  any  blast  effaota  in  the  factory  froa  explosions 
la  or  near  tha  tunasl  entrance. 

Cb  the  surfaoe  above  tha  factory  area  of  tha  nine  work  had  boon  started  cn 
nine  vertical  shafts,  tha  largest  of  those  seen  being  14  ft.  7 ii).  by  15  ft.  1 In* 
•aotloa  Inside  timbering  (Fhotograph  lo.  24).  Tho  plan  details  of  tho  top  of 
another  of  those  shafts  is  shorn  la  Fig.  4 (Photograph  lo.  28).  Those  shafts 
wars  also  being  driven  upwards  froa  the  tunnels  below,  sal  fells  had  occurred  at 
sene  of  then.  It  sssas  possible,  la  view  of  the-  single  entrance  tunnel,  that  thaae 
large  shafts  may  have  been  Intended,  apart  fra*  ventilation,  to  augMnt  tho  meant 
of  ingress  for  raw  material*  and  ogress  for  finished  products. 

It  was  stated  by  the  Trench  that  no  lose  than  80  of  the*#  shafts  vers  projected 
but  this  should  be  accepted  with  reserve. 

In  addltlcn  to  the  9 vertical  shafts  under  construction  a completed  steel-lined 
Inclined  -hut#  fron  the  surfaoe  low  to  the  tunnsls  was  noted.  this  ns  used 
for  ad  vocates  roqulred  for  ccnarete  work. 

.3  Labour 


.‘.coorliht  to 
•i«*ru  employed  on  V.l 

.ii  'ill  I \‘ 


» :'r  :\  -h  V.-.-»f  i'Ssplolt  itlon  of  tin  nine  * out  .WO  rar  -.-ns 

nnufa -turj  !u  the  -me  on  -.la-  >.*  .’-hour  .-.hi  ft  s V.  ,rw 
t.-'  u '•  >;•  of  ..'r'.eri  .\s  to  v.’  • -i  !r.r>u  •!  to  ’. 
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,4  Conclusions 

Ihs  sorer  o/er  the  factory  area  end  the  raster  part  of  tln'Mtrinct  tunnel  it 
nuoh  too  thick  for  penetrating  bomba  of  any  typo  la  operational  u«e  to  hare  vused 
•ay  d imago  la  tho  tuaaoii. 

la  air  attack  on  similar  plaooa  there- ia  the  possibility  of  bomba  falling 
down  opon  shafts,  and  If  fused  for  long  dolay  (o.g.  It  aoo.)  serious  damago  might 
roault.  However,  In  tho  eaao  of  thla  factory  la  tho  Thil  also,  with  ita 
unoomplotod  ahafta  and  single  ontraaeo  tunnel,  at  laaat  a temporary  stoppage  of 
production  would  have  resulted  fro*  blocking  tho  ontraaoo  cutting  and  tunnel 
portal,  for  which  purpoae  SCO  or  1000  lb.  K«C,  or  G.P.  bcoba  would  have  sufficed, 
'.ho  ontraaoo  tuaaol  ltsotf  was' probably  vulnerable  to  Tallboy  (>)  la  tho  flrat  400 
or  500  ft.  -of  ita  length,  whara  tha  overhead  carer  la  not  excessive.  Nevertheless, 
tho  blooklng  of  tho  oatraaeo  would  aot  haro  taka  a wary  lag  to  olear  - certainly 
aot  more  than  tho  3 wooka  which  it  took  tha  Ooraaaa  to  olsar  tho  Saumir  railway 
tuanal  blook  (aao  Report  Ho.  BB3M/T.12  * S.C.MOji  aorimr,  there  exist  other 
entraaoes  to  the  mine  which  might  haro  been  adapted  and  uaod  la  an  smergenoy.  On 
tho  whole,  it  would  aoen  that  air  attaok  on  such  underground  faotorlea  where  tho 
ororhoad  oorer  ia  invulnerable,  attention  should  bo  paid  to  ontrenooa , aoooaa  rads 
and  railway  a,  and  to  souroea  of  power  aupply  (o.g.,  la  thla  Mao  to  tho  Ploano 
power  atotion). 

.5  Geological  note  on  tho  ironstone  mines  at  Thil 

» • • 

Tha  Upper  Lias  of  Lorraino'oontains  a rioh  bad  of  lraatoae  which  is  worked 
over  o wide  area  both  in  galleries  and  in  open  quarries.  Tho  ironstone  -foraetia 
includes , besides  the  mineral  layer  the  ltioaoeous  Marla  (5  m.  - 86  m.)  above  and 
Upper  Liasaio  Shales  with  tyritea  below  (1  *.  - 25  a.).  The  foraetia  is 
lenticular,  varying  oaaidorably  In  thickness  and  in  its  constituent  beds.  At 
la  Cdts  Bags  it  ia  27  m.  thick  and  la  noegoaed  of  five  bade,  all  worked,  making 
a total  of  16  m.  of  mineral  ore.  Ait  tho  other  ad  of  tho  Lagmy  Basin,  near 
Garay  it  is  not  more  then  4.65  m. , and  appear*  as  a single  bod.  Gaorally  tho 
rook  trade  to  bo  ellleooua  in  tha  west  *nd~beloareoua  in  tho  oast. 


The  lrastono  la  present  as  oolitio  grains  and  ia  usually  exploited  wha  in  a 
bed  more  than  1.75  m.  thiok.  containing  30  par  cent  iron,  with  eons  latitude 
aaoarding  to  whether  tho  nan-ferrous  mineral  ia  ealcium  carbonate  orailica.  In 
the  Brley  basin  there  are  six  beds,  named  frem  tho  top  deem.  Red,  Red,  Yellow, 
Grey,  Blaok,  Green.  Usually  only  one  Red  bod  is  present,  the  Tallow  may  be 
missing  and  often  also  the  Black  and  Green.  The  Grqy  bed  is  the  most  regular  and 

Eie  normally  the  thickest  and  rlohsat.  Zt  varies  in  thickness  ftrem  1.60  m.  to 
9.60  m. , and  generally  yields  30  - 40  per  cent  iron  in  2 m.  -4  m.  thickness. 
Richer  beds  are  known  but  they  are  the  exception. 

The.  ironstone  mines  at  Thil  ara  galleries  driven  into  the  hillside  south-west 
of  Thil  to  exploit  that  part  of  the  field  underlying  Tiercelet.  The  suooessicn 
in  this  area  is  as  followai- 


Pliocene  - 3)  liids  A gravel* 

* 

Jurassic  - 2)  Bajocian  (average  50  m.)  o ) Saoeharoidal  & Coralline  limestones 

b)  Oolitic  A crystalline  yellowish  or  rust 
soloursd  limestones 


Jurassic  - 1}  Upper  Lias 


a)  Granular,  shelly  £ sandy  yellowish 
limestones  with  rarly  intercalations 

d)  Jrey  and  Sl\:a  r.arl* 

c ) Llm*  st.  ns 

b)  Oolitic  l:v:i.ito:-.:i 


2.  ccwjLwiora 

Ths  principal  conclusions  to  bo  draw n from  this  report  are  with  regar* 1 to 
the  t/p o i of  underground  places  the  Gormans  used  for  manufacture  and  storage,  tha 
thickness  of  overhead  cover  In  various  soils  which  were  considered  adequate,  tad 
what  fom  of  air  attack  would  ba  likely  to  prove  tha  moat  affaotira,  Por  thia 
purpose  an  analysis  la  given  la  jLppmdlz  4 (table  X), 

At  seven  of  tha  nine  plaeaa  inspected  existing  quarry  tunnala  had  been  adapted, 
and  of  theee  aaran  only  tha  relatively  snail  nunition  and  patrol  store  in  tha 
chalk  tunnala  at  St.  Preat  had  overhead  cover  of  a thioknaaa  likaly  to  ba  vulnerable 
to  boaba  in  operational  uaa  smaller  than  tha  Tallboy  (k)  12,000  lb.  Znoidastally, 
tha  uaa  of  existing  tunnala  haa  the  additional  advantage  of  making  air  oover 
identification  more  difficult,  particularly  in  rlvaraida  localities  auch  ae 
those  bordering  the  river  Loire  and  its  tributaries,  where  all  suitable  ollffa 
and  hillsides  are  riddled  with  troglod its  workings. 

the  T.l  bomb  factory  in  tha  iron  mine  at  Thil,  in  Luxemburg,  may  be  considered 
to  be  proof  against  any  baab  in  so  far  as  damage  to  the  tunnels  by  bcmba  penetrating 
tha  grouad  above  is  ocnoarnad.  In  sueh  a caaa  it  would  appaar  that  to  attack 
entrances,  communications  and  sources  of  power  supply  is  the  only  aethod  justifiable. 

c 

In  the  oase  of  munition  and  oil  stores  with  a penetrable  thickness  of  overheed 
oover  it  may  well  be  preferable  to  doaign  tha  attack  with  a view  to  bomba  detonating  , 
within  the  tunnels,  rather  than  to  oauao  spalling  or  tunnel  blockages,  Por  example  ■ 
whereas  a 1000.  lb.  If.C,  or  S,P,  bomb  exploding  in  the  ground  above  the  St.  Frost 
tunnala  would  probably  have  caused  a blockage,  a 2000  lb.  3.A.P.  bomb  might  perforata 
by  impact,  and  even  the  comparatively  small  charge  should  result  in  serious 
secondary  effects  in  view  of  tho  nature  of  the  contents  of  tha  tunnels. 

Cta  tha  other  hand,  the  cover  over  the.  munition  store  in  the  Roohpoorbon  tunnels 
is  too  great  to  have  been  perforated  by  laroact,  so  in  this  case  tho  choice  la 
between  blocking  the  tunnels  by  Tallboy  (M),  and  attacking  tha  ontranoa  with  smaller 
bombs. 
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APPcBPlX  B 

•i 

* list  of  noroamiKs  • 


V 


No* 

Pilot 

Date 

Caption  \ 

i 

St.  Lsu  d'Siiorist 

PebJJ45 

panorama  showing  approach  road  and  oaearpnant.  X 
Oua  mplaoamont  on  loft. 

2 

St.  v.*»  **  Seoeront 

Fob. 1945 

Mala  ontranoo  to  lower  lorol  tuaaola.  Tho 
aotual  ontranoo  aoon  ia  blookod.  but  tboro  ia 
another  opening  on  tho  right  (aoo  Fhoto.  Io.  S). 

3 

St.  k-'rt  I-  eeerent 

Fab. 1946 

11a. In  ontranoo  to  looor  lorol  tunnola.  theming 
oridoneo  of  hit  on  oliff  faoo  by  small  bomb 
which  throw  dote  ono  of  tho  hoary  oonoroto 
door a (too  alao  Photo.  No.  2). 

4 

St.  Lou  d’Eooerent 

Fob. 1945 

in  ontranoo  to  tho  upper  lorol  tunnola. 

S 

St.  Lou  d'Bsaerent 

Fob. 1945 

1 

Crater  No. 2.  Subaid'onoa  to  upper  lorol  tunnola.  | 

6 

St.  Lou  d'Bsaerent 

Fob. 1946 

ft  i 

Cr*t*r  NooS*  Sub*  id  mot  to  upptr  IotoI  tunools.  j 

7 

St.  Lou  d'Bsaerent 

Fob. 1946 

Crater  No.4.  ' Subaidonoo  to  upper  lorol  tunnels.*’ . . 

8 

St.  Lou  d'Bsaerent 

Fob. 1945 

Crater  No.*,  Subaidonoo  to  upper  lorol  tunnels.* 

s . 

St.  Lou  d'Bsaerent 

Fob. 1945 

Trolloya  for  7.1  bomba  In  lower  lorol  tunnels. 

10 

St.  Lou  d'Bsaerent 

Fob.1945 

Roof  ft  21  ento  7.1  bomb  in*  ldo  lower  lorol  tunnels | 
oauaed  by  enemy  demolition. 

n 

Trossy-Maxiain 

Fob. 1945 

General  riow  of  ahafta  under  construction. 

Note  shallow  depth  of  eoror  oror  tunnola. 

12 

! 

Trosay-lCaxlaln 

Fob. 1945 

Close*aip  of  ahaft  showing  reinfbromaent  being 
orooted  for  thiok  reinforced  conoroto  walls  and 
root,  suggesting  an  underground  storage  tank. 

13 

Tavernay 

Mar. 1945 

Twin  ontranoes  to  tho  tunnels  used  by  tho  Gorwant 
for  S.X.F.  ball-boaring  manufacture. 

14 

Moatriohard 

Mar. 1945 

Entrance  to  munition  store,  partly  demolished 
by  tho  Gormans  by  Internal  charges  which  blow 
threugh  to  tho  surface  above. 

IS 

R*  iabert 
(St.  Piorro) 

Kir. 1945 

Two  of  tho  four  entrances  to  underground  V.l 
bomb  store. 

I Id 

Rai  art 
(St.  Piorro) 

ttr.1945 

Underground  7.1  bcab  store.  The  entrance  on  the 
loft  was  demolished  by  a direct  bomb  hit. 

17 

Longwy  (thll) 

Kir. 1945  ‘ 

Bntronoe  cutting,  shewing  concrete  retaining 
walla,  and  tunnel  ortrance  to  iron  mine  used  by 
Germans  for  7.1  baib  factory. 

18 

longwy  (Thll) 

Yar.1945 

End  cf  electric  railway  at  about  2 km.  from 
entrance,  at  beginning  of  V.l  bomb  factor,*  area. 

ls> 

toilgwy  (.’hll) 

j Mar. 1915 

Vnohlne  short.  Vote  ur.linel  turnels. 

.'0 

Ion  -;jty-  (ihll) 

xr.UHo  ’ 

7.1  b.teb  tail  units. 

1 

jt  i.-.  11) 

L.Vio 

I 

l7.  V V v,: 

1 _ _ 1 

l 
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Ho. 

FU«t 

Date 

Copt las 

n 

Laagwy  (Thll) 

tor. 1945 

7.1  bomb  warheads.  Jflng  unit  on  right.  — 

*3 

Lq^gw/  (Thll) 

.tor  .1945 

Top  of  nearly  completed  shaft  down  to*1?.!  boob 
factory  la  iron  aino  below.  tight-  suoh  shafts 
wort  observed,  though  It  wan  said  that  about 
ttft  tuM«  this  oumbs*  mti  projtoUd. 

24 

L cn pry  (Thll) 

tor. 1948 

fop  of  css  Of  thn  largo st  of  tho  8 shafts 
(14  ft.  7 la.  *^3  ft,  1 la.  -clear).  Tho 

purposs  of  thoss  shafts,  apart  froa  ventllatlm 
aajr  hare  boon  for  iagrsss  of  raw  materials  and/or 
®P®**  Tor  fabricated  parts,  slnos-  tb  o appeared 
to  be  only  one  stain  entrance  tunnel. 

5T.  LEU  DESSERENT  — SURVEY  OF  SELECTED  CRATERS. 
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UNDERGROUND  V.l.  FACTORS  AT  THIL, 

IRONSTONE  MINE 


FIG. 6.  IRONSTONE  MINE  • THIL  • LONGITUDINAL  SECTION  THROUGH 

MAIN  GAUERY 

(underground  v.i.  factory  and  stores) 
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Photo  1.  Panorana  showing  approach  road  an d *icarro*it 
aapla?93\ont  on  la/t. 
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Photo  Z.  V-ain  entrance  to  lower 
laval  tunnels.  The  actual 
entrance  seen  is  blocked,  but 
there  is  another  canning  on  the 
right  (see  photo  So. 3). 


Photo  3.  Mein  entrance  to 
loner  level  tunnels,  showing 
evidence  of  hit  cn  cliff 
face  by  3 ml  1 bomb  which 
threw  down  one  of  the  heavy 
concrete  doors  (see  also 
Photo  No,2). 


Wt«! 
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Photo  17 <i  Batraaoo  outtlng, 
■howing  ooneroto  r«va*MAg  wall  i 
and  tunnel  entranoe  to  Iron  sine 
uaed  by  Gernana  for  V«1  bomb 
faotory . 


Photo  18 o &d  of  olootrlo  rail- 
way at  about  2 lea  a from  entranoe* 
at  beginning  of  7«1  boob  faotory 

area* 
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D.c.  Am 
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32 

33 

34 
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Baaber  Coonand  38  A 39 

0.  Am.  D/iUP  40 

U.3.S.T.A.P.  41  A 42 

8th  U.3.  Air  Fare*  43 

S.H.A.E.P.  (far  A.C.  of  3-A2  and  H.A.U.)  44  A 45 

Operational  Research  Saotion  A.C.3.E.A.  48 

Jar  Office  (D.  Air)  47 

■ " (If.  of  Air  Co-ordination)  4fl 

Scientific  Adviser  to  War  Office  49 

C.A.O.R.  Admiralty  50 

U.S.S.B.3.  51  - 52 

Naval  Air  Attache  U.S.  Embassy  53  A 54 

Military  Air  Attache  U.S,  Ambassy  55 

U.S.  Air  Evaluation  Board  58  A 57 

U.A.A.P.  58  A 59 

Ministry  of  Economio  Warfare  (Mr.  0.  Lawrence)  60 

Ministry  of  Hone  Security,  Intelligence  Branch  6l 

Lord  Chenrell,  War  Cabinet  82 

Capt.  I.B.  Pranks,  R.N.  Adviser  on  P.A.O.  A C.D. , R.H.A.S.F.  83  A 64 

Lt.  Col.  3.B.H.  Daw,  FID.  A C.D.  Section,  A.P.H.Q.  65  1-  86 

Civil  Defence  Liaison  Officer,  American  Embassy  • 67-70 

0.3.3.  Mr.  X.3.  Dorfman  71  - 75 

N.D.R.C*  (U.S. A)  117,  Park  Street  76 

.Advanced  Headquarters,  B.  B.  Ft.  14  77 

B.3.R  M.  (PILE)  73 
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